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Abstract 
Solar energy has come a long way since the turn of the century and has been proven to be 
a useful source of renewable energy from both an environmental, economic and 
educational standpoint. The advancement of energy storage technology has opened more 
doors to the capabilities of production for these systems. This study shows expected 
outcomes of solar PV canopy systems located in parking areas throughout the Illinois State 
University’s (ISU) campus. While there have been several studies conducted on solar 
photovoltaic (PV) systems on campus none have analyzed the implementation of energy 
storage. We conducted site analyses for a majority of the locations within campus for 
optimal placement of solar PV array systems. This study seeks to provide information as to 
how a combination of the two systems can lower demand during high demand hours ISU. 
Introduction
If ISU incorporates energy storage and solar PV systems in select locations that meet site 
requirements on campus, can they produce enough electricity to help lower demand during 
peak shaving hours?
a. What is the life cycle cost of the proposed systems, and when will ISU begin to 
financially benefit from the system?
b. How can the two systems be integrated to maximize power production on a year 
to year basis?
c. What difference does this system provide in terms of energy bill savings on a 
year to year basis?
d. What amount of annual production from the PV systems could significantly 
lower demand during peak shaving hours
Objectives
Goal: To lower peak demand through solar PV and energy storage systems across campus.
● Find the costs of proposed systems and determine benefits for ISU.
● Determine how the two systems can be integrated to maximize production.
● Compare the systems by calculating the yearly savings.
● Discover the annual production of the systems and if they could lower demand during 
peak shaving hours. 
Methods
Site Analysis: Site data were collected through two Software tools, Helioscope and System 
Advisory Model. Helioscope was used for primary data collection and System Advisory Model 
was used to achieve concise data figures.
Battery System Sizing: Using the parametrics function provided by System Advisory Model 
(SAM) we were able to determine optimal battery bank size and battery bank power based on 
our give PV system array size. The combination of the two battery bank metrics that yielded the 
largest net present value (NPV) is what we choose to implement for this study 
Direct Ownership VS PPA (PV array): Direct ownership and PPA (Power Purchasing 
Agreement) are two commons way to finance solar PV. Direct ownership incorporates SRECs 
(Solar Renewable Energy Credit) which can be sold back to the utility company. Whereas, a 
PPA keeps initial costs low but ISU would not own the system until a determined number of 
years. Then the system could be bought by the University.
Site Analysis 
A site analysis was completed for numerous locations across the ISU campus. The 
locations listed below are the sites that were chosen to be the most ideal sites for this 
report. These sites are ideal for canopy systems and have minimal shading. Helioscope 
provided a birds eye view to help layout the desired system while SAM helped gain a 
difference in system price with and without an energy storage system.
Figure 1. Annual Energy Output
System sizes vary from each building 
and parking garage. There was higher 
capabilities for annual energy output in 
places such as large parking lots and 
parking garages.
Battery Storage
Table 1. Bone Student Center Parking Lot Table 3. Stadium Red Lot 
Table 2. West Beaufort (South University) Garage Table 4. School St. Parking Garage
The tables below detail two battery size metrics, battery bank size (kWh) and battery 
bank power (kW) compared to our set PV array size (kWdc). The combinations that 
yield the highest net present value (NPV) were implemented for further analysis. 
Associated figures were calculated using the para metrics function in System 
Advisory Model (SAM). 
Results 
Based on our methodology we determined the optimal locations across campus for 
PV+Battery Storage based on net present value (NPV). The figure below shows all four 
locations, comparing the net present values (NPV) based on a standalone photovoltaic 
(PV) systems or PV + Battery Storage.
Figure 2. Stand Alone PV System vs. PV + 
Battery Storage
Results (Continued)
Figure 4. Power Purchasing 
Agreement (PPA)
Figure 3. Direct Ownership
Conclusion
This study aims to provide a PV+battery recommendation for Illinois State University. The 
results displayed previously show comparisons between two types of system and two types of 
purchasing methods. Based on the tables provided there is a positive correlation between a 
combined photovoltaic system (PV) + Battery Storage that results in a higher net present value 
(NPV) than a stand alone system. Based on the two prominent purchasing methods, a power 
purchase agreement (PPA) would align closely with the conservative nature of the university. 
Though the university would not own the system until a later period in time, it will provide 
higher net savings. Unfortunately, due to the lack of incentives revolving battery storage 
technology, along with lack of state tax incentives, a project of this scale will prove financially 
infeasible at this point in time. This study provides a starting point for the university, should 
factors be subject to change in the future.  
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